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Silencing of abnormally activated genes can be accomplished 
in a highly specific manner using nucleic acid based 
approaches. The focus of this review includes the different 
nucleic acid based inhibition strategies such as antisense 
oligodeoxynucleotides, small interfering RNA (siRNA), dom- 
inant-negative constructs, G-quartet oligonucleotides and 
decoy oligonucleotides, their mechanism of action and the 
effectiveness of these approaches to targeting the STAT (signal 
transducer and activator of transcription) proteins in cancer. 
Among the STAT proteins, especially STAT3, followed by 
STAT5, are the most frequently activated oncogenic STATs, 
which have emerged as plausible therapeutic cancer targets. 
Both STAT3 and STAT5 have been shown to regulate 
numerous oncogenic signaling pathways including prolifera- 
tion, survival, angiogenesis and migration/invasion. 



Introduction 

Of the many approaches that have been developed, nucleic acid 
based strategies to target the STAT proteins involved in cancer 
progression have emerged as a rational tool to block STAT 
activation. Several nucleic acid based strategies have been 
developed including antisense oligonucleotide, small interfering 
RNA (siRNA), dominant-negative constructs, G-quartet oligo- 
nucleotides and decoy oligonucleotides to target STAT pathways. 1 
STAT pathways are activated by diverse external signals initiated 
by a plethora of cytokines and growth factors from cell surface 
receptors, eliciting rapid changes culminating in the transcrip- 
tional induction of target genes in the nucleus. 2 Among the seven 
mammalian STAT proteins, constitutive activation of STAT3 and 
STAT5 has been reported in several different cancer lines and 
tumor tissues and hence are considered potential molecular 
therapeutic targets. 3 ' 4 Several lines of evidence suggest that a 
constitutively active form of STAT3 alone is sufficient to induce 
neoplastic transformation. 2 This was demonstrated in mouse 
fibroblast cells where STAT3 activation was associated with 
oncogenic transformation by v-Src and STAT3 inhibition blocks 
the transformation of mouse fibroblasts. 5 In addition, transformed 
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mouse and rat fibroblasts by a constitutively activated mutant 
form of STAT3 (STAT3C), generated tumors in mice suggesting 
that STAT3 activation may contribute to tumor formation in 
human cancers. 6 Further, inhibition of STAT5 through the use of 
dominant-negative inhibitory mutants blocks proliferation of 
transformed lymphoma cells both in vitro and in vivo models, 7 
indicating that STAT3 and STAT5 may represent promising 
molecular targets for cancer therapy. 

This review will focus on targeting STAT3 and STAT5 using 
different nucleic acid based approaches. Nucleic acid based 
strategies have emerged as a powerful tool to successfully target 
molecules linked to cancer. These approaches are unique due to 
their high specificity and selectivity and minimal adverse effects or 
toxicity. Both STAT3 and STAT5 have structural similarities as 
they are clustered together on the long (q) arm of chromosome 17 
and exist as two isoforms — a and [3. The two isoforms of STAT3 
are both derived from a single gene by alternative mRNA splicing. 
The a isoform is the full length STAT protein and the [3 isoform 
is the shorter truncated protein and lacks the C-terminal 
transactivation domain, and has often been used as a dominant 
negative version of STAT3. 8 ' 9 On the contrary, the STAT5 a and 
(3 forms are encoded by 2 closely-related genes. Each gene gives 
rise to a long and short isoform. 10 Although STAT5 Of and STAT5 
(3 have 94% sequence identity, however they differ in their 
COOH-terminal transactivation domain and have distinct 
functional roles. 11 STAT proteins consist of an N-terminal 
domain which is important in STAT dimer-dimer interactions, a 
coiled-coil domain, a DNA binding domain that forms complexes 
between STAT proteins and DNA, a linker domain, a Src 
homology-2 (SH-2) domain engages in dimerization between two 
activated STAT monomers through reciprocal phospho-tyrosine 
(pTyr)-SH2 domain interactions, and a C-terminal transactiva- 
tion domain. 8 Most inhibitors target disruption of the SH2 
domain which engages in dimerization between two activated 
STAT monomers through reciprocal phospho-tyrosine (pTyr)- 
SH2 domain interactions. The dominant-negative strategy to 
target STAT3 have been designed to interrupt formation of 
STAT3 dimers by introducing mutation in the Tyr705 residue in 
the STAT3F mutant and in STAT3D mutant, the residues 
Glu434 and Glu435 have been mutated to block the DNA- 
binding activity. 12 In the decoy oligonucleotide strategy, double 
stranded short oligonucleotides bind to dimerized phosphorylated 
STAT3 or STAT5, so that the genome docking site on STAT3 is 
occupied and inhibits STAT3 or STAT5 from binding to its 
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Figure 1. Nucleic acid-based approaches targeting STAT3. 



DNA-binding site. 13,14 Similarly, G-quartet oligonucleotides 
interact with the SH2 domains of STAT3 homodimers to 
destabilize dimer formation and disrupt DNA-binding activity. 15 
Although specificity of the nucleic acid based approaches for their 
targets have made them increasingly important as therapeutic 
molecules, off- target effects are also seen. 16 

Several nucleic acid based therapeutic approaches being 
developed appear to be promising in pre-clinical models. 17 siRNA 
approaches can silence critical STAT3/5 target genes associated 
with tumor cell viability, proliferation and metastasis; however, 
clinical applications of siRNA are still under development. 16 ' 18 
Preclinical results with G-quartet oligonucleotide indicated efficacy 
inhibiting STAT3 signaling in cancer models, however its clinical 
utility remains unknown. 19 The STAT3 decoy demonstrated 
antitumor efficacy in several preclinical cancer models 2 and recently 
completed a phase 0 clinical trial in head and neck cancer patients 
where pharmacodynamic effects were observed following a single 
intratumoral inoculation. 20 While the parent formulation of the 
STAT3 decoy required local delivery, a cyclic formulation 
demonstrated increased thermal and enzymatic stability and may 
be amenable to systemic administration in humans. 20 

Nucleic Acid Based Therapies Targeting STATs 
and Their Mechanism of Action 

Nucleic acid based strategies developed to block STAT3 and 
STAT5 gene expression include antisense approaches [antisense 



RNA and small interfering RNA (siRNA)], dominant-negative 
constructs, G-quartet oligonucleotides and decoy oligonucleo- 
tides. The four different nucleic acid based approaches targeting 
STAT3 are shown in Figure 1 . 

Antisense approaches. Several antisense strategies including 
antisense RNA and siRNA have successfully been used to blocked 
STAT-mediated gene expression in several preclinical cancer 
models. 21 The advantage of an antisense approach is the potential 
affinity and specificity for targeting gene expression. An antisense 
RNA approach is based on short sequences of RNA that target a 
complementary coding sequence of mRNA and mediate gene 
suppression at the transcriptional level. 22 High affinity binding 
either occurs in the cytoplasm or in the nucleus. Gene inactivation 
is initiated by formation of the DNA-RNA heteroduplex causing 
stearic blockade of the ribosome complex or by mRNA cleavage 
by RNaseH. 23 Antisense oligonucleotides have been used to 
interrupt constitutively active STATs and block cells from 
undergoing malignant transformation. 2 However, the major 
obstacle to the successful clinical use of antisense oligonucleotides 
include several off target effects such as elevation of liver enzymes 
and/or liver failure, splenomegaly, immune stimulation, throm- 
bocytopenia and prolongation of the activated partial thrombo- 
plastin time have been reported in animal models. 23 RNA 
interference (RNAi) is a sequence-specific post transcriptional 
gene silencing approach that has evolved into a powerful research 
tool for analyzing gene function in the treatment of cancer, and in 
the development of highly specific therapeutics. 24 Chemically 
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synthesized small interfering RNA (siRNA) represent a class of 
double stranded RNA molecules that can induce RNA 
interference (RNAi). siRNAs are 20—25 nucleotides in length 
metabolized from a large RNA molecule by an endogenous 
nuclease. The siRNA molecules in turn, bind to a protein 
complex, termed RNA-induced silencing complex (RISC), which 
unwinds the two strands of RNA molecules, allowing the 
antisense strand to bind to the targeted RNA molecule causing 
effective suppression of gene expression. Both in vitro and in vivo 
work have demonstrated the therapeutic potential of the RNAi 
method. 25 ' 26 siRNA targeting STAT3 and STAT5 have been used 
to silence gene expression in several cancers. 16 ' 18 Interference with 
STAT3 signaling using siRNA inhibited cell proliferation, 
induced apoptosis, downmodulated expression of STAT3 target 
genes and suppressed tumor growth in several different cancer 
models 24 ' 27 ' 31 (see Table 1). Silencing STAT5 using STAT5 
siRNA demonstrated decreased proliferation, invasion and 
metastasis in various cancers 32,33 (see Table 1). Although an 
siRNA approach is being successfully used in the knockdown of 
gene expression, cationic lipids are needed for efficient uptake. 
Thus, the clinical utility of this class of therapeutics is limited due 
to challenges in drug delivery to the target organs. 29 Initial clinical 
trials used systemically administered naked siRNA showed rapid 
clearance of the siRNA within minutes. 30 Several approaches are 
being developed to enhance efficient uptake of siRNA. Hence 
cell-specific siRNA delivery systems are being considered to 
improve stability and uptake by the target cells. The first targeted 
delivery of siRNA in humans employed cyclodextrin polymer- 
based nanoparticles coupled to transferrin which were able to bind 
to transferrin receptors that are typically upregulated on cancer 
cells. 30 To facilitate targeted delivery of STAT3-siRNA, an anti- 
Lewis-Y (Le y ) monoclonal antibody (hu3S193) was used. 29 Le y 
antigen is expressed in over 70% of epithelial cancers including 
breast, colon, ovary, prostate and lung cancers and selectively 
targets Le y -expressing tumors, with minimal uptake by the normal 
tissues. The STAT3siRNA-hu3S193 construct induced STAT3 
knockdown by approximately 70% in association with inhibition 
of cellular proliferation by approximately 50% suggesting 
hu3S193 antibody may represent an effective vehicle for the 
targeted delivery of siRNAs. 29 siRNA targeting STAT5 have also 
shown growth inhibition in cancer models 32 ' 33 (see Table 1). 
Further, suppression of STAT5 signaling using STAT5-siRNA in 
colorectal cancer cells, provided evidence that STAT5 is 
embedded in a complex signaling network and may engage in 



crosstalk with members of other pathways, such as MAPK. 34 It is 
also becoming increasingly critical that cancers that rely on 
complicated crosstalk between a number of signaling pathways 
would require multi-targeted therapies. 35 Although efforts are 
being made to improve the delivery of the siRNA to the target 
site, however, their efficient uptake is still the major obstacle for 
clinical use. 

Dominant-negative approaches. Dominant-negative approaches 
involve mutating the functional domain to generate a gene product 
that can interfere with the function of the normal gene leading to 
reduced levels of gene activation. Several dominant-negative 
constructs targeting STAT3 or STAT5 have been designed and 
developed. Gene therapy with STAT3f3, a dominant-negative variant 
of STAT3 has been shown to interfere with STAT3-mediated gene 
regulation and block cell transformation. STAT3f3 is a naturally 
occurring splice variant of STAT3 that lacks the Ser727 
phosphorylation site at the c-terminal transcriptional activation 
domain where a unique 7-amino acid sequence functions as a 
dominant-negative form of STAT3 in many cellular contexts. 36 ' 37 
Evidence suggests that STAT3(3 functions as a dominant- negative 
form of STAT3 in melanoma model where overexpression of 
STAT3J3 resulted in the cell death of B 1 6 melanoma cells in vitro and 
suppression of tumor growth in vivo. 36 Inhibition of STAT3 activity 
by dominant-negative STAT3(3 in a head and neck squamous cell 
carcinoma (HNSCC) cell line provided evidence that STAT3 
signaling mediates cell growth and apoptosis in HNSCC. 38 
Dominant-negative mutants of STAT3 such as STAT3D and 
STAT3F have been reported to inhibit the DNA binding activity of 
STAT3 39 and have shown effectiveness in both in vitro and in vivo 
tumor models. 37 STAT3F contains a phenylalanine substitution for 
the c-terminal tyrosine phosphorylation site, which prevents it from 
undergoing dimerization and nuclear translocation, functioning in a 
dominant-negative manner. 40 The second mutant, STAT3D, has 
alanine substitutions for Glu 434 and Glu 435 in the DNA binding 
region and is unable to bind DNA. 40 STAT3D forms inactive 
heterodimers with endogenous STAT3 and inhibits signaling. In 
vitro and in vivo models have shown that dominant-negative forms 
of STAT3 can modulate the function of STAT3 and perturb cellular 
proliferation and transformation. STAT3F has been used to 
investigate the role of STAT3 in cytokine-dependent induction of 
target genes in HepG2, a human hepatocellular liver carcinoma cell 
line. 41 The mutant STAT3 can bind to IL-6 induced activated gpl30 
receptor, but phenylalanine at residue 705 can no longer be 
phosphorylated, preventing activation of STAT3. In cervical cancer, 



Tabid. siRNA targeting STAT3 and STAT5 in cancer 



Preclinical cancer models 


Target protein 


Key findings 


Laryngeal cancer 2330 


STAT3 


Decreased STAT3 expression, reduced tumor volume, suppressed growth and induced apoptosis 


Pancreatic cancer 26 


STAT3 


Inhibited cell proliferation, induced apoptosis, downmodulated STAT3 target genes and suppressed 

tumor growth 


Breast cancer 27 


STAT3 


Reduced STAT3 target gene expression and caused significant reduction in tumor volume 


Esophageal carcinoma 31 


STAT5 


Decreased proliferation, invasion and metastasis in association with an induction in apoptosis and 

an increase in the G 0 /G, phase 


Acute myeloid leukemia 32 


STAT5 


Inhibited cell proliferation and survival 
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Table 2. G-quartet oligonucleotides targeting STAT3 and STAT5 in cancer 



Preclinical cancer models 


Target protein 


Key findings 


Head and neck squamous 
cell carcinoma 14 


STAT3 


Reduced expression of STAT3 target genes, induced apoptosis and inhibited growth in vitro and in 

vivo 


Prostate cancer 18 


STAT3 


Induced apoptosis and reduced expression of target genes in vitro 



Non-small cell lung cancer 5 ' STAT3 Downmodulated expression of STAT3, p-STAT3 and Bcl-X L and induced apoptosis in vitro 



blocking STAT3 by the dominant negative STAT3D inhibited 
VEGF production, which has been reported to contribute to tumor 
angiogenesis. 42 Abrogation of STAT3 by dominant-negative 
STAT3D increased apoptosis in a human HNSCC xenograft 
model. 43 

Carboxyl-truncated variants of STAT5a and STAT5b function 
as dominant- negative forms of STAT5 isoforms. 44 In breast 
cancer, STAT5aA740, which corresponds to a naturally occurring 
alternative splice variant and STAT5aA713, derived by truncation 
after amino acid residue Ala-713, was analogous to an 80 kDa 
STAT5a product of a nuclear protease and demonstrated 
comparable dominant-negative properties and suppressed tran- 
scriptional activity of wild-type STAT5a and STAT5b. 45 The 
dominant-negative STAT5aA740 inhibited growth and induced 
apoptosis in estrogen responsive breast cancer cells and inhibited 
tumor growth. 46 In prostate cancer cells, blocking STAT5 using 
the dominant-negative STAT5aA713 induced apoptosis. 47 In 
HNSCC, the dominant-negative mutant Stat5b754 inhibited in 
vitro cell proliferation. 48 Although the dominant negative 
approach has wide application to the study of a number of 
different kinds of proteins however it tends to be highly effective 
for proteins that need to assemble into multimers to be functional. 

G-quartet oligonucleotides. G-quartet oligonucleotides (GQ- 
ODN) are a unique class of anticancer agents that interact directly 
with a target protein and interfere with its function. GQ-ODN 
consist of G-rich oligonucleotides, which form intramolecular 
four stranded G-quartet structures. 49 G-quartets arise from the 
association of four G-bases and each G-base makes two H-bonds 
with its neighboring G-base to form a macrocycle and stack on 
top of each other to stabilize the polyguanylate assemblies and give 
rise to tetrad-helical structures. 50 G-quartet oligonucleotides have 
been developed to modulate several biological processes including 
inhibition of the oncogene STAT3. 51 Computer-based docking 
analysis revealed that GQ-ODN specifically blocked DNA- 
binding activity of STAT3 by interacting with the SH2 domains 
of STAT3 homodimers. 15 Selective targeting of STAT3 over 
STAT1 by G-quartet oligonucleotides was based on a few critical 
amino acids as determined using computational analyses. 15 
However, in vitro and in vivo antitumor efficacy of G-quartet 
oligonucleotides targeting STAT3 required polyethyleneimine for 
effective delivery of G- quartet oligonucleotides to hepatocellular 
carcinoma cells. The antiproliferative activity of G-quartet 
oligonucleotides has also shown effectiveness in other cancer 
models such as prostate cancer, 19 HNSCC 15 NSCLC 52 (see 
Table 2). A single stranded DNA expression vector has been used 
for efficient delivery of G-quartet oligonucleotides. 53 A G-quartet 
oligonucleotide approach to target STAT5 has not been reported. 
However, the effectiveness of G-quartet oligonucleotides as a 



therapeutic modality may require further optimization of the 
physicochemical properties to increase selectivity and specificity in 
inhibiting the target protein to facilitate clinical development. 

Decoy oligonucleotides. Of the several nucleic acid based 
strategies that have been introduced in the inhibition of gene 
expression, synthetic double stranded oligonucleotides (called 
"decoy oligonucleotide") that mimic the consensus binding site 
within the cm- acting elements of its target genes and attenuate the 
binding of the transcription factor to promoter regions of its target 
genes to block their expression, have been tested successfully in a 
clinical trial. 54 Decoy oligonucleotides are highly selective and 
have shown to be effective in both in vitro and animal models. 
The first decoy oligonucleotide was developed for tissue specific 
regulation of renin gene expression. 55 Since then, several 
transcription factor decoys have been developed such as E2F-1, 
CREB and NFkB for several disease states. 56 Treatment with an 
NFkB decoy in a prostate cancer cell line overexpressing the 
NFkB protein resulted in suppression of cell proliferation, 
induced apoptosis and reduced several downstream target gene 
expression. 57 In human osteosarcoma and human cervical 
carcinoma cells, the E2F decoy oligonucleotide inhibited 
proliferation and target gene expression. 58 The CRE decoy 
targeting against the cAMP response element (CRE) transcription 
factor, inhibited of growth of breast cancer models in association 
with inhibition of CRE-directed gene transcription. 59 

Our laboratory developed a highly specific double-stranded 
decoy oligonucleotide targeting STAT3. The STAT3 decoy is a 
15-mer double-stranded oligonucleotide, with phosphorothioate 
modifications of three nucleotides at the 5' and 3' end, which 
corresponds to the DNA binding region within the c-fos 
promoter. 60 Phosphorothioate-modified DNA was first synthe- 
sized by Eckstein and colleagues in the early 1960s, 61 differs from 
natural DNA in that one of the nonbridging oxygen atoms in 
phosphodiester linkage is substituted with sulfur to protect the 
decoy oligonucleotide from nuclease degradation. 22 The STAT3 
decoy enters cells, competes for binding with the endogenous 
transcription factor, and has the potential to attenuate the binding 
of the transcription factor to promoter regions of target genes 
thereby inhibiting target gene expression. 62 The STAT3 decoy 
demonstrated selective binding for STAT3 protein and inhibited 
the proliferation and survival of head and neck squamous cell 
carcinoma (HNSCC) cells in vitro 60 and the growth of HNSCC 
xenograft tumors in vivo. 63 Subsequent investigations by others 
demonstrated that the STAT3 decoy exhibited anti-tumor activity 
in a variety of preclinical models including cancers of the lung, 
breast, skin, brain, colorectal and ovary 64 " 69 (see Table 3). 
Preclinical studies of the STAT3 decoy in animal models 
demonstrated that it was well tolerated and lacked toxicity. 70 A 
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phase 0 clinical trial was recently reported showing down- 
regulation of STAT3 target gene expression in the post-treatment 
HNSCC tumor. 20 STAT3 decoy was injected intratumorally in 
escalating dose ranging from 250 [ig to 1 mg per injection into 
HNSCC tumors in patients undergoing surgical resection (5-6 
patients per dose). Tumors were biopsied prior to treatment and 
after completion of surgery. There was no evidence of toxicity and 
decrease in STAT3 target gene expression was observed in the 
post-treatment STAT3 decoy group compared with the pre- 
treatment levels. Investigation of the effect of STAT3 decoy on 
STAT1 mediated signaling due to the high sequence homology 
between STAT3 and STAT1 (72% protein sequence) suggested 
that the therapeutic efficacy of STAT3 decoy are independent of 
STAT1 activation. 71 

However, the utility of the parent decoy oligonucleotide 
formulation is limited due to rapid degradation in the presence of 
nucleases. 4 Hence, chemical modification to increase biostability 
of the transcription factor decoys is under active investigation. 
Locked nucleic acid (LNA) can replace nucleotides in the decoy 
backbone resulting in enhanced stability. 72 LNA are nucleic acid 
analogs containing a methylene linkage between the 2' oxygen 
and the 4' carbon of the ribose ring. 72 Positioning of LNA in the 
decoy oligonucleotide backbone is critical, to prevent any 
reduction of affinity of transcription factor decoy for its target 
sequence. Crinelli et al. reported that intra- and inter-strand 
positioning of LNA is important for NFkB binding affinity, their 
inter-strand positioning is critical for stability. 72 Presently, data on 
the antitumor efficacy of LNA- modified transcription factor 
decoy is lacking. We modified our parent STAT3 decoy by 
creating a cyclic structure that demonstrated enhanced stability in 
serum and was found to be efficacious in a HNSCC xenograft 
model upon intravenous administration. 20 

Targeting STAT5 using a decoy oligonucleotide has been 
shown to inhibit the growth and proliferation of leukemia cells in 
vitro. 14 There are no other reports to date of the STAT5 decoy in 
other cancer types. 

Overall, the decoy oligonucleotide approach represents a 
potential approach for deriving novel anti-STAT therapeutic 



agents. While the phase 0 trial of the STAT3 decoy suggests 
activity in human tumors, the optimum physicochemical 
properties that will result in a suitable bioavailability profile, 
low toxicity, and good pharmacological properties remain 
incompletely understood. 

Conclusion 

Cumulative evidence has identified STAT3 and STAT5 as 
potential targets for cancer therapy. Disrupting STAT3 and 
STAT5 signaling in tumor cells by various nucleic acid based 
approaches such as antisense RNA, small interfering RNA 
(siPvNA), dominant-negative constructs, G-quartet oligonucleo- 
tide and transcription factor decoys has been shown to induce 
apoptosis, inhibit cell proliferation, suppress angiogenesis and 
inhibit tumor growth in preclinical cancer models. Although 
nucleic acid based gene suppression technologies are making 
significant contribution as anticancer agents primarily because of 
their selective recognition of molecular targets and pathways and 
have the potential advantage of precisely targeting a gene, however 
the drawback of each approach such as poor cellular uptake and 
rapid in vivo degradation potentiates the development of novel 
delivery systems to facilitate cellular internalization with retained 
activity. Nuclease degradation of oligonucleotides can be 
circumvented by chemical derivatization of the backbone and/or 
by the protection and stability offered by DNA delivery systems. 
For efficient delivery of nucleic acid based therapeutics, both viral 
and non-viral delivery systems are being used. Despite the 
appreciable success of cationic lipids in gene transfer, safety is a 
major concern in human studies. Lipid based or magnetic 
nanoparticles are also being extensively studied to improve nucleic 
acid delivery to the target. Several nanoparticles are under 
development and some have shown effective for gene or small 
interfering RNA (siRNA) delivery. Although rapid developments 
have been made to facilitate uptake and delivery of nucleic acid 
based therapeutics using several novel delivery tools, however 
further research is needed to make these tools effective for clinical 
use. 



Table 3. Decoy oligonucleotides targeting STAT3 and STAT5 in cancer 



Preclinical cancer models 


Target protein 


Key findings 


Head and neck squamous 
cell carcinoma 59 - 62 


STAT3 


In vitro and in vivo antitumor efficacy associated with downmodulation of STAT3 target gene 

expression 


Lung cancer 63 


STAT3 


Induced apoptosis and downregulated STAT3 target genes both in vitro and in vivo and inhibited 

tumor growth 


Breast cancer 64 


STAT3 


Retarded tumor growth accompanied by immune activation 


Skin cancer 65 


STAT3 


Inhibited growth both in vitro and in vivo 


Brain cancer 66 


STAT3 


Suppressed in vivo tumor growth by inhibiting proliferation and promoting apoptosis 


Colorectal cancer 67 


STAT3 


Inhibition of phospho-STAT3 nuclear localization and in vitro cell death 


Ovarian cancer 68 


STAT3 


Inhibited cancer cell invasion and enhanced sensitivity to paclitaxel 


Leukemia' 3 


STAT5 


Inhibited growth and proliferation 
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